














THE PULSAR PROJECT





Human-Computer Interaction


Syracuse University asks the NEC Foundation of America for a $40,000 grant to support the Pulsar Project, which is developing affordable, innovative human-computer interface technologies for persons with severe disabilities, notably quadriplegics.  The project employs a systems approach based on software and hardware modules that allow customization to the unique needs of each individual.  These include low-cost sensors and transducers, mounting hardware, computer interface devices, and custom visual-programming data-flow software.  The goal of the Pulsar Project is to make the vast power of information technologies accessible to all people – even those who are unable to move their limbs to use a keyboard or mouse.  





Introduction


Edward Lipson, Ph.D., professor of physics, and David Warner, M.D., a research associate at the Northeast Parallel Architectures Center at Syracuse University, are the driving force behind the Pulsar Project.  They have collaboratively developed an innovative form of human-computer interaction, using parts of the body other than the hands to deliver commands to the computer.  For quadriplegics, facial gestures are being used.  With this approach, disabled individuals can become active participants in our information society by writing, communicating, and accessing information resources, as well as controlling their environment.  Dr. Warner and Professor Lipson have been working since the fall of 1995.  





Since 1988 Dr. Warner’s research has focused on advanced instrumentation and new methods of analysis that can be applied to evaluate various aspects of human function related to human computer interaction.  Increasingly the concern of both Drs. Lipson and Warner has been on quality of life issues that affect all people, in particular the disabled.  Armed with the knowledge that off-the-shelf technologies exist that can be modified or adapted to enhance human performance in everyday life, a multi-disciplinary research group comprised of physicists, a medical doctor, computer scientists, industrial designers, and a Syracuse teenager who is severely limited in physical capabilities, was formed to investigate the practical application of this technology.  


�
Project Objectives


The main objectives of the Pulsar Project are to:  





Develop a computerized “expressional interface model” for physically disabled users to allow them to communicate and exert control over their environment.  The modular, low-cost hardware in this design will include mounting apparatus, sensors, and electronic interface modules.  The heart of the Pulsar Project is the custom NeatTools software, a highly versatile program that provides its own graphical user interface and visual programming environment.  





Enable students with severe disabilities to communicate and study effectively by computer, using this integrated modular design.  With the mouse and keyboard emulations already available in NeatTools, disabled students will be able to enter, edit, and interpret text and data using word processors and spreadsheets and also draw figures and artwork using painting and drawing software.  





Allow students to communicate with teachers and classmates not only in the classroom, but also from home using Internet connectivity and telephony, already functional in NeatTools.  In general, they will be able to navigate the Web to search and acquire information and resource tools.  The modularity, customizability, and extensibility of the hardware and software solutions should allow the technologies and applications developed as prototypes to be widely applied to others with their own particular limitations and needs.  





Continually assess and refine this effort in close consultation with educators at the high-school level.  The assessment will be applied to the technologies and to the expected improved learning outcomes afforded by students’ active participation in a variety of educational activities.  





Providing Technology to the Disabled 


In the City of Syracuse school district alone, there are approximately 5000 children with some type of disability.  However, the ultimate target population for this project is on the national and international scale.  The philosophy of the Pulsar Project is to provide enabling technologies that are affordable and accessible to individuals in need and to allow severely disabled students to communicate and study effectively by computer using the NeatTools software and hardware.  





	Early in 1996 the Pulsar team began working with a severely disabled high-school student named Eyal Sherman.  Eyal, now 17, became a quadriplegic at age four as a result of a brainstem stroke, following surgery to remove a large brainstem tumor.  Unlike spinal-cord-injury quadriplegics, such as actor Christopher Reeve or New York City policeman Steven McDonald, Eyal is unable to speak, move his head, or move his tongue.  In terms of purely physical disabilities, Eyal’s case is clearly among the most challenging; yet, he is fully intact mentally and cognitively, and is an honors student in high school.  





As a team member, Eyal has demonstrated he can control a computer as well as devices connected to it by means of his facial expressions alone.  For example, he has driven a remote-controlled car, played Pacman and Tetris games, typed words, and navigated the World Wide Web.  This effort is based on the pioneering work that David Warner began developing with others while he was a medical student in California.  





	The continuation goals for the project with Eyal including the following:  By Eyal’s facial gestures alone, he should be able to routinely accomplish the following:  1) fully control a graphical user interface on a personal computer, 2) “type” text at a satisfactory rate (with help from word prediction, sentence completion, abbreviation expansion, etc.), and 3) control and configure a customized program that will enable him to not only do 1 and 2, but also operate external devices connected to the computer.  





	In addition to Eyal, the team is working with Brooke Kendrick to whom they introduced during the summer of 1997.  Brooke, who is seven years old, has been diagnosed with spastic quadriplegia due to cerebral palsy.  Working with Brooke weekly, a team of Industrial Design students have fabricated a set of prototyped interface devices, including ultra low-cost conductive-plastic film pressure sensors and custom joystick that allow Brooke to access her Dynavox (a communication system) with her head switch.  





Recent Progress


The following is an example of the success already achieved.  At 8:37 p.m. on February 23, 1998, Eyal, by himself, composed and sent his first e-mail message to Professor Edward Lipson at Syracuse University:  


Dear ed, mazel tov, we're on line! Thank you for setting this up for me.


        your friend


        eyal


Dear Eyal,


You are most welcome. And welcome to an active communication role on the


Internet. Mazel tov to you!


Sincerely,


Ed





	Eyal’s message was forwarded to the Pulsar Project team members so that they could all share in this momentous occasion.  (Note:  Mazel tov means congratulations in Hebrew).  This efficient typing was made possible by a chin-joystick mouse-driver network written in NeatTools by Dr. Lipson.  





Evaluation and Dissemination


It is beyond the scope and resources of this project to embark on a full-scale assessment comparing this approach to traditional methods.  Instead, the evaluation will be based on subjective outcomes such as:  a) affordability of building and using the devices, b) rapid adaptability of the devices to a variety of students with disabilities, and c) personal enrichment of the student.  Particular attention will be paid to the learning experiences of the disabled users of the system.  





The national dissemination phase of the project will begin by launching the innovative software and hardware tools developed specifically for human computer interaction, particularly for the severely disabled.  This will be a phase of testing and continual refinement based on feedback from users.   We will develop a network of representative alpha testers (users) of our technology in the areas of disabilities and special education.  The testers (therapists, special education teachers, assistive technology professionals, etc.) will receive from us, at no cost, human-computer interface kits that will include sensors, transducers, and serial interface boxes (TNG-2 or TNG-3) to be used in conjunction with our freely downloadable NeatTools software.  





Members of this network will be identified via our own "networking" campaign using our own contacts in the field locally and nationally and by organizations, such as those listed on our Disability Links page under www.pulsar.org.  We will also target local, regional, and national organizations such as Arise, Enable, and Aurora to let them know that the Web resource is available and how to obtain the necessary  hardware and software (NeatTools software is downloadable at no cost from www.pulsar.org).  We will exhibit at national conferences for the disabled and will welcome any suggestions from the NEC Foundation about dissemination strategies and target audiences.  





We will greatly enhance our existing documentation and multimedia tutorials on how to use our hardware and software, so that the kits and the downloadable materials are usable without requiring much individual guidance on our part.  However, we will maintain "technical support" via e-mail, telephone, and online FAQs.  Feedback, so obtained, will be used to improve the tutorial materials.  The remote testing will be performed on human subjects (often including the alpha testers themselves) with appropriate clearances and safeguards.  We will offer guidance (and disclaimers) concerning the safe and proper use of our systems.  It will be required that testers/users have someone available with technical proficiency and fluency.  





Individuals from our group will travel to selected sites for (initial and follow-up) training seminars and demonstrations, and for evaluations.  When appropriate, we may offer travel subsidies for users to come to Syracuse for training and seminars that we will offer.  Part of our training effort will be to prepare remote users to become trainers themselves.  We will maintain an online newsgroup (bulletin board) on our server in order for alpha testers to exchange ideas, tips, queries, etc.  We will encourage users to provide “webumentaries” of their own selected case studies, following the examples of those on our Pulsar site for Eyal and Brooke.  





In addition, we will have a competition for prizes and awards in various categories for the best results of end users.  A committee will be formed to issue guidelines and to judge submissions.  Winners will receive certificates by mail and recognition on our Web site.  Users will be strongly encouraged to submit their NeatTools networks (application programs), including program files, screen-capture images, and


descriptions to be posted on a special page of our Web site, so that others can use or adapt these for related applications.  A Web-based database will be maintained to track the members and progress of this project.  





Additionally, the Project has been linked with the sigKIDS Cyberarium Project (this Pulsar exhibit will take place at the SIGGRAPH ’98 conference in July in Orlando, Florida) which is designed to stimulate discovery and exploration of creative and socially enriching interactive techniques through intelligence-engaging, imagination-inducing, hands-on experiences with novel human-computer interaction devices.  Further, the National Science Foundation (NSF) has expressed interest in this project area and encouraged the co-investigators to submit a proposal.  Funding from NSF would provide a basis for expansion and further dissemination of the work which support is requested from NEC.  





Request for Support


We believe the Pulsar Project is uniquely poised to enable severely disabled people to enhance their learning experiences and general quality of life.  The versatile rapid-prototyping ability of the Pulsar Project lends itself well to developing computerized modular interface and mounting hardware that can be adapted to the needs of individuals with a broad spectrum of physical disabilities.  Toward that end, a $40,000 grant is sought from the NEC Foundation of America to continue researching, developing, and disseminating new computerized interface modules and systems for severely disabled people of all ages for practical application at school, at work, and at home.  








Budget


Web Development (tutorials, database, etc.)	$12,000


Kit Production & Distribution	10,000


Supplies	6,000


Travel	12,000


Total	$40,000














Budget Narrative





The kits will include TNG-2 and/or TNG-3 serial interface boxes (based on microcontroller integrated circuits that we program in assembly language) and various sensors and transducers that connect to the interface boxes via standard stereo and mono plugs that will be provided. TNG-2 has four analog inputs. TNG-3 has 8 analog and 8 digital inputs. Very little assembly effort will be required of the alpha testers. The supplies will include commercial software (new purchases and upgrades), electronic parts and tools, sensors and transducers, and small electronic instruments (e.g. digital multimeters) and tools (e.g. soldering stations).  The travel amount will provide support for trips to alpha test sites for training and for feedback and evaluation, and to conferences where we will give presentations and exhibits for further publicity and dissemination. We hope also to subsidize visits of selected alpha testers to Syracuse. 





The Web development amount will support the establishment and maintenance of customized Web pages, databases, newsgroups, and other resources – building on the substantial existing Web site we already have for this type of work. Syracuse University will cost-share by providing partial salary and other support to the two senior investigators, as well as support for additional students participating on the project.  Additional facilities, resources, and support will be provided by Warner's not-for-profit Institute for Interventional Informatics, and Lipson’s and Warner’s start-up company, MindTel LLC. 
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